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BVTEGRIN BINDING MOTIF CONTAINING PEPTIDES AND 
METHODS OF TREATING SKELETAL DISEASES 

Field Of THE INVENTION 
5 The invention relates generally to the field of peptides and more particularly to 

peptides and formulations thereof usefiil in treating skeletal diseases. 

Background Of The Invention 
It is well-documented that disorders of skeletal tissues and mineral metabolism cause 
10 numerous significant health problems on world-wide basis. 

In hxmians, the maximum bone mass occurs between the age of 1 5 and 40 and is 
referred to as "peak bone mass." After such peak bone mass age, bone mass begins 
declining gradually and the mechanical strength of the bone is accordingly reduced. 
Consequently, when mechanical strength declines to a certain level, the individual is at 
1 5 greater risk of bone firacture. This natural occurrence is called osteoporoas if severe enough 
to be pathog^c. 

The speed at vMch bone loss occurs differs among individuals, and especially with 
respect to gender. In females, the speed of bone loss accelerates immediately after 
menopause (See Figure 1) because of a significant decline in available estrogen, a hormone 
20 which plays a critical role in maintaining healthy bone metabolism Postmenopausal 

osteoporosis constitutes an important clinical problem because it afflicts significant numbers 
of women. Notably, the ratio of female to male osteoporo^s patients is 3; 1 . 

The majority of bone diseases are characterized by loss of bone minerals^ weakening 
of bones and consequentiy, an increase of the firequency and severity of bone firactures, 
25 v^ch are called "pathological fi^cture." In the elderiy popxdatioii, this has significant sodal 
ramifications as well, as many of those with bone firactures have difficulty with mobility, 
which often leads to the deterioration of other mental and pltysical fimctions, resulting in 
dementia, muscular weakness and/or fetigue. In addition, morbidity and pain are 
significantly increased by thrombotic events, such as pulmonary embolism which can occur 
30 as a result of hip or pdvic firactures. 

In the United States alone, it is said that 52 million women over age of 45 will suffer 
from osteoporosis by 2000. Currmt worldwide osteoporosis population is around 200 
million. Annual incidence of pathological fi^cture in the United States alone is 

1 
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approxiinately 1.5 millioa It is estimated that annual medical costs for those osteoporosis 
patients in the United States and world are $14 billion and $60 billion, respectively. 

Renal Mure is also a significant health problem related to mineral metabolism and 
skeletal formation, and the number of its patients is increasing rq)id]y . Renal function is 
5 declininggradually over several to ten years period in these patients. When the renal 
function becomes approximately a quarter (1/4) of the healthy level, the patients are 
classified to chronic renal feilure. When it becomes approximately one sfacth (1/6) thereof 
they need to start dialysis and are called end stage renal disease (ESRD). In patients v^th 
chronic renal feilure, serum levels of important minerals such as caldum and phosphate lose 

10 their normal homeostasis, which results in malformation of skeletoa It is called renal 

osteodystroplty (ROD), vMch is a secondary osteoporosis fi-om renal feilure. ROD can also 
cause pathological fracture like osteoporosis. The prevalence of end stage renal disease 
(ESRD) in the United States is rapidly increasing and about to reach 300 thousand in 2000. 
ROD affects most ESRD patients. 

15 There are several other diseases of skeletal tissues and mineral metabolism such as 

Paget's Disease, rickets, osteopetrosis, hyp^arathyroidism, and so forth and a number of 
patients are affected by these diseases. 

MetaboUcally, bone is a highly active organ with bone resorption and formation 
occurring continuously (remodeling). Bone resorption is fedlitated by osteoclasts which are 

20 differentiated from monocyte/macrophage lineage cells. Osteoclasts adhere to the surfece of 
bone and degrade bone tissue by secreting adds and en2ymes. Osteoblasts fedlitate bone 
jformation by adhering to degraded bone tissue and secreting bone matrix proteins, ^ch are 
mineralized mostiy by caldimi and phosphate. Osteoblasts differentiate into bone cells 
(osteocytes), and become a part of bone tissue. 

25 Numerous &qperimental ^proaches have been attenq)ted to dther accderate bone 

formation or diminish bone resorptioa For example, growth fectors such as BMPs (bone 
morphogenetic proteins), TGPP (transforming growth fector P), IGF Qnsulin-like growth 
fector), and fibroblast growth fector (FGF) are known to have potent biolo^cal activities in 
bone formation. In particular, a few subfemily molecules of BMP such as BMP-2 is 

30 regarded as one of the most potent growth fectors for hard tissue. However, these fectors 
have not been developed as therapeutic agents for systemic bone diseases. It is because none 
of them can be delivered to the bone selectively and some of these fectors sudi as BMPs 
convert soft tissue mto hard tissue. It is called ectopic calcification and is a critical adverse 
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eflfect for them when they are used systemically. Further, the processes of bone formation 
and resorption are so closely connected and that makes selective increase of bone formation 
or selective inhibition of bone resorption extremely difficult. 

Currently, there is a need for an effective treatment for bone loss. Therapeutic agents 
S such as estrogen, calcitonin, vitamin D, fluoride, Ipriflavon, bisphosphonates, and a few 
others have Med to provide a satisfectory means of treatment. (Gennari et al., Dfup Saf. 
(1994) 11(3): 179-95). 

Estrogen and its analogues are frequently administered to patients with 
postmenopausal osteoporosis. Estrogen replacement therapy involves administration of 
10 estrogen just prior to or after the onset of menopause. However, as is often the case with 
steroid hormones, the long term use of estrogen has significant adverse effects such as breast 
and other gynecolo^cal cancers (Schneid^ et al.. Int. J. Fertil. Menopausal Study (1995) 
40(l):40-53). 

Calcitonin, an endogenous hormone produced by the thyroid, binds selectively to 
1 S osteoclasts, via its receptor, and inactivates them. Since the osteoclast is the only cell which 
can dissolve bone tissue, calcitonin binding can block or slow down bone d^;radation 
caused by the osteoclast. However, this biological mechanism is very short-lived, as the 
osteoclasts become tolerant to this drug relatively quickly. Therefore, the use of calcitonin 
does not provide an eflfective therapeutic optioa 
20 Fluoride has b^n shown to increase bone mass whea it is administered to humans. 

However, while bone mass is increased, mechanical strength is not. Therefore, despite the 
increase in q)parent bone mass, the risk of fracture remains (Fratzl et al., J. Bone Mineral 
Res. (1994) 9(10): 1541-1549). In addition, fluoride administration has significant health 
risks. 

25 Ipriflavon has been used to treat osteoporo^ in limited areas in the worid. However, 

the actual efficacy of this compound is questionable and it is not widely accepted as a useful 
therapeutic agent for bone diseases. 

Bisphosphonates are compoxmds derivatized from pyrophosphate. Synthesis 
involves repladng an oxygen atom situated between two phosphorus atoms with carbon and 

30 modifying the carbon with various substituents. While bisphosphonates are known to 
suppress bone resorption, they have litde effect on bone formation. Furthermore, 
bisphosphonates adhere to the bone sur&ce and remain th^e for very long time causing a 
long-term decrease in bone tissue turnover. As bone tissue needs to be turned over 
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continuously, this decrease in turnover ultimately results in bone deterioration (Lufkin et al., 
Osteoporos. Int. (1994) 4(6):320-322; Chapparel et al., J. Bone Miner. Res. (1995) 
10(1):112-118). 

Another significant problem with the agents described above is that with the 
5 exception of fluoride and ipriflavon, they are unsuitable for oral administration, and thus, 
must be given parenterally. Since bone disorders are often chronic and require long-term 
therapy, it is desirable that therapeutic agents be suitable for oral administratioa 

In summary, a significant need exists for a therapeutic agent which can prevent or 
treat bone loss. In particular, a new drug that can sdectfvely increase bone formation and/or 

10 number of osteoblast without aSecdng bone resorption or soft tissue is hig^ desired. 

Another major health problem relating to skeleton and mineral metabolism is that 
with teeth. In the United States alone, it is estimated that 67 million people are affected by 
periodontal disease and that the aimual cost of its treatment is approximately $6.0 billion in 
2000, It is said 90% of the ratire population e3q)erience dental caries in their lives. The 

15 annual cost to treat them is over $50 bilKon per year in the United States alone. 

Dental caries are a umversal disease and affects childrra and adults. Periodontal 
disease, on the other hand, affects mostly adults, and in particular, the aged. In many cases, 
the patient's gum is inflamed and destroyed, and the ahreolar bone that supports the teeth is 
deteriorated. Cement that composes the core of the root is also damaged, and subsequatitly, 

20 teeth fell out. One of the most common treatments for tooth loss involves the use of a dental 
iiiq)lant. An artificial implant (osseointegrated dental implants) is placed in the space wher^ 
the tooth was lost. In severe cases, an entire denture is replaced by implants. However, 
implants fi:equently loosen, or fell out because their fixation on the alveolar bone is not 
always successfiil. Since alveolar bone is somehow damaged in these pati^its, the implant 

25 cannot always be supported well by alveolar bone. When alveolar bone is severely 

damaged, autogenous bone grafting is performed. In this case, a bone graft taken firom 
another skeletal tissue of the same patient is grafted in the damaged alveolar area so that the 
hard tissue is regenerated and sinus is elevated there. Since these treatments require 
e3q)ensive bio-compatible materials and/or highly skilled techniques, the cost of treatment is 

30 usually very high. 

It is believed that dental caries are caused by acidic condition in the oral cavity. For 
mstance, sugars are converted to acid and dissolve the surfece of the teeth. Although only 
enamel and a part of dentin is affected in many cases, the damage can reach the pulp cavity 
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in severe cases that cause significant paia The most typical treatment is filling the caries 
lesion with non-degradable materials such as metals or metal oxide. Treatment of dental 
caries mostly depends upon those matmals and the techniques by the dentists, which is often 
exprnaive. 

5 Although a few therapeutic agents have been developed and used in dental area, they 

are generally only anti-inflammatory drugs, analgesics, and antibiotics. No generally 
effective therapeutic agent that directly improves periodontal hard tissues has been 
developed. 

Another meyor clinical problem in min^^ metabolism is excessive loss or waste of 

10 phosphate (PO4) out of the body system. Phosphate plays variety of important roles in all 
living creatures. In vertebrates, phosphate is a major component of their skeletoiL In aD 
animals, phosphate is an essential component to build polynucleotide chains and cell 
membranes; phosphorylation and dephosphorylation of sugars and nucleotides are the most 
essential reactions in energy generation and consumption; and phosphor^ation and 

15 dephosphorylation of proteins, sugars, and lipids are indispensable reactions for signal 
transduction in the cells. Therefore;, a shortage of phosphate could even result in death. 

In manmials, phosphate concentration in the body fluid is controlled within a range 
that allows all normal biological functions in the body. The kidney is the most important 
organ for controlling phosphate levels in the body. Glomeruli in the kidney filter phosphate 

20 constantiy to the urine, and proximal tubules usually reabsorb approximately 80% of this 
filtered phosphate. If this reabsorbing fimction is damaged, excessive phosphate is lost into 
the urine, resulting in various clinical problems. 

For instance, it is well known that the majority of kidney transplant patients 
eq)erience excessive renal phosphate leakage, because the transplanted kidneys only 

25 mar^ally reabsorb the urinary phosphate to the drculatioa The reasons for this poor 
reabsorbing activity on the part of transplanted kidneys are unknown. It firequOTtly causes 
the patirarts mahnitrition and secondary osteoporosis. This problem cannot be treated by a 
simple exogenous supplementation of phosphate. Similar renal phosphate leakage with 
unknown pathology is often observed in pediatric medicine, with outcomes such as 

30 malnutrition or growth retardatioiL 

Health problems associated with circulating phosphate shortage is not limited to 
humans. Milking cows sometimes suffer Scorn hypophosphatemia (too low phosphate in the 
blood) by ovaproduction of the milk. It not only deteriorates the nutritional quality of the 
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milk but also often make the cows useless for milk production. It is a relatively common 
problem in dairy &rms. 

Clearly, there is a significant demand for a th^peutic agent that promotes 
regeneration of alveolar bone and/or teeth, increases the number and activity of 
5 odontoblasts/osteoblasts that help form dental tissues, and reduces renal phosphate secretioa 

Summary Of TfiElNVENnoN 
A class of compounds is disclosed which are usefiil in treating or preventing a 
condition associated with skeletal loss or weakness and/or which reduce renal phosphate 
10 excretion* The compounds are pq)tides or analogs thereof \^ch comprise between 10 and 
SO monomer (e.g. amino adds) units. The amino add sequence comprises one or more of 
the following moti&: an int^rin binding motif sequence; a glycosaminoglycan binding 
motii^ and a calcium-binding motif The amino adds may be in the D- or L- conformation. 
The remaining monomer units (the sequence other than the aforementioned moti&) in the 
1 5 compound may be amino add analogs. Where the motif is an integrin binding motiJ^ the 
remaining monomer units are preferably naturally occurring amino adds having a sequence 
which are substantially the same as an amino add sequence contiguous with the RC3> 
sequence in the naturally occurring protein, matrix extracellular phosphoglycoprotdn (Rowe 
et. al.. Genomics (2000) 67:56-68). 
20 An aspect of the invention is a set of peptides and/or peptide analogs. 

A feature of the inv^ition is that a compound of the invention comprises one or more 
of the following motifi: an integrin binding motif sequence; a glycosaminoglycan-binding 
moti^ and a caldima-binding motif The amino adds may be in the D- or conformation. 
An advantage of the invention is that a compound of the invention enhances skdetal 
25 growth. 

Another advantage of the invention is that a compound of the invention enhances the 
number of osteoblast and possibly odontoblast cells on the sur&ce of new skeletal or tooth 
growth. 

Another advantage of the mvention is that a compound of the invention reduces 
30 phosphate (K) loss fi-om the body, as indicated by reduced urinary Pi leakage. 

Another aspect of the mvention is to provide a formulation for therapaitic use which 
comprises a suffident concentration of a compoimd of the invention and can be administered 
to the pulp of teeth, the space between the root of teeth and gum, or alveolar bone to prevent 

6 
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the damage on teeth and/or alveolar bone or regenerate the hard tissue in the damaged teeth 
and/or alveolar bone. 

Another aspect of the invention is to provide toothpaste which comprises a suflBident 
concentration of a compound of the invention to enhance tooth and/or alveolar bone growth 
5 on areas where deterioration has occurred, or to prevent such deterioration. 

Yet another aspect of the invention is to provide a mouthwash which comprises a 
sufficient conc^itration of a compound of the invention to enhance tooth and/or alveolar 
bone growth on areas where deterioration has occurred, or to prevent such det^oration. 

Still another aspect of the invention is a dental floss having coated thereon and/or 
10 embedded therein a compound of the invention in an amount such that repeated application 
to teeth and/or alveolar bone results in enhanced tooth and/or alveolar bone growth on areas 
where deterioration has occurred, or to prevent such deterioratioa 

A fijrther aspect of the invention is a small adhesive patch for application on gum 
tissue of an individual, the patch comprising a thenq)eutically effective amount of a 
15 compound of the invention. The compound is slowly released from the patch into the gum, 
so that the released compound penetrates into the root of the teeth as well as the alveolar 
and/or jaw bones to prev^ loss of such bones and/or to regenerate such bones. 

An object of the invention is to provide a method of treating or preventing skeletal 
bone or dental bone loss by the administration/application of any formulation/composition of 
20 the inv^itioa 

These and other objects, advantages, and features of the invention will become 
apparent to those persons skilled in the art upon reading the details of the subject invention, 
as more fiiUy described below. 

25 Brief Descriptions Of Teie Drawings 

Figure 1 is a graph showing the relationship between bone mass and age in humans. 
Figure 2 is a schematic drawing of a matrix extraceUular phosphoglycoprotein 
wherein the area designated as "A'' includes sequences which match peptides of the present 
invention and the area designated as **B" is a highly homologous motif to a group of bone- 
30 tooth matrix phosphoglycoprotems such as osteopontin (OPN), dentin sialophosphoprotein 
(DSPP), dentin matrix protein 1 (DMPl), and bone aaloprotein n (IBSP). 



7 
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Figures 3A, 3B, 3C, and 3D are actual photogr^hs of bone cross-sections (from a 
seven day mouse calvaiia organ culture study) showing the effects of a control (Figure 3 A), 
fibroblast growth fector-l (FGF-1) (Figure 3B), and two peptides of the invention designated 
D-00004 and D-00006 (Figure 3C and 3D, respectively). 
5 Figure 4 is a graph comparing the effects of different compounds on calvaria. 

Figure 5 is a gr^h showing the in vivo effects of D-00006. 

Figure 6 is a graph showing the effect of D-00006 on urinary phosphate leakage. 

Detailed DESCRipnoN Of The Invention 

10 Before the peptides, analogs, fonmilations, and methodology of the present invention 

are described, it is to be understood that this invention is not limited to any particular 
embodhnent described, as such may, of course^ vary. It is also to be understood that the 
terminology used herein is with the purpose of describing particular embodiments only, and 
is not intended to limit the scope of the present invention vAnch will be limited only by the 

1 5 appended claims. 

Where a range of values is provided, it is und^^ood that each intervening value, to 
the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between 
the upper and lower limits of that range is also spedfically disclosed. Each smaller range 
between any stated value or intervening value in a stated range and any other stated or 

20 intervening value in that stated range is encompassed within the invention. The upper and 
lower limits of these smaller ranges may independenfly be inchided or excluded in the range, 
and each range where either, neith^ or both Unuts are included in the smaller ranges is also 
encompassed within the invention, subject to any specifically excluded Umit in the stated 
range. Where the stated range includes one or both of the limits, ranges excluding either or 

25 both of those inchided limits are also included in the uxventioa 

Unless defined otherwise, all technical and sd^itific terms used h^ein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. Although any methods and materials similar or equival^t to those described 
herdn can be used in the practice or testing of the present invention, the preferred methods 

30 and materials are now desoibed. All publications mentioned herein are incorporated herein 
by reference to disclose and describe the methods and/or materials in connection with which 
the publications are dted. 

8 
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It must be noted that as used herein and in the appended daims, the singular forms 
"a", "and", and "the" include plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to "a peptide" includes a plurality of such peptides and 
reference to "the method" inchides reference to one or more methods and equivalents thereof 
5 known to those skilled in the art, and so fortL 

The publications discussed herein are provided solely for their disclosure prior to the 
filing date of the present ^plication. Nothing herdn is to be construed as an admisaon that 
the present mvention is not entitled to antedate such publication by virtue of prior invention. 
Further, the dates of publication provided may be different from the actual publication dates 
10 which may need to be independentiy confirmed. 

Definitions 

The terms "peptide" and "peptidic compound" are used interchangeably herein to 
refer to a polymeric form of amino adds of from about 10 to about 50 amino adds, which 

15 can comprise coded and non-coded amino adds, chemically or biochemically modified or 
derivatized amino adds, L- or D- amino adds, peptides having modified peptide backbones^ 
and peptides comprisirg amino add analogs. The pepticfic compounds may be polymers of 
(a) naturally occurring amino add residues; (b) non-naturally occurring amino add residues, 
e.g. N-substituted glycines, amino add substitutes, etc.; or (c) both naturally occurring and 

20 non-naturally occurring amino add residues/ substitutes. In other words, the subject peptidic 
compounds may be peptides or peptoids. Peptoid compounds and methods for thdr 
preparation are described in WO 91/19735, the disclosure of which is herein incorporated by 
reference. 

The terms "treat", "treating", "treatment" and the like are used int^changeably herein 
25 and mean obtaining a desired pharmacological and/or pl^ological effect. The effect may 
be prophylactic in tmns of completely or partially preventing a disease or symptom thereof 
and/or may be therq>eutic in terms of partially or completely curing a disease and/or adverse 
effect attributed the disease such as enhandng the effect of vitamin D. "Treating" as used 
herein covers treating a disease in a vertebrate and particularly a mammal and most 
30 particularly a human, and includes: 

(a) preventing the disease from occurring in a subject wWch may be predisposed to 
the disease but has not yet been diagnosed as having it; 

(b) inhibiting the disease, i.e. arresting its development; or 
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(c) relieving the disease, le. causing regression of the disease. 
The invention is particularly directed towards peptides which make it possible to 
treat patient's which have experienced bone loss or which would be expected to experience 
bone loss and thus is particularly directed towards preventing, inhibiting, or relieving the 
5 eflFects of bone loss. A subject is ** treated" provided the subject experiences a 

therapeutically detectable and beneficial effect which may be measured based on a variety of 
different criteria including increased bone growth, increased bone strength or other 
characteristics generally understood by those skilled in the art to be desirable with respect to 
the treatment of diseases related to bone. 
10 The term "antibody" is meant an immunoglobulin protein capable of binding an 

antigen. The term "antibody" as used herein is intended to include antibody fi^agments (e.g. 
F(ab*)2, Fab', and Fab) capable of binding an antigen or antigenic ftagmemt of interest. 

The term '*binds specifically" is meant high avidity and/or high afSnity binding of an 
antibody to a spedfic peptide — spedfically a peptide of the invention. Antibody binding to 
15 its spedfic target epitope is strongs than the binding of the antibody to other epitopes on the 
peptide or to other epitopes on other peptides. Antibodies which bind spedfically to a 
peptide of interest may be capable of bmding to other peptides at a weak, yet detectable levd 
(e.g. 10% or less of the binding shown to the peptide of interest). Such weak binding or 
bacliground binding, is readily discemable fi*om the specific antibody binding to the peptide 
20 of interest, e.g. by the use of appropriate controls. 

The term "skeletal loss" refers to axty situation in vAAdx skeletal mass, substance or 
matrix or any component of the skeleton, such as calcium and phosphate^ is decreased or the 
bone is weakened such as in terms of its ability to resist being broken. 

The term "skeleton" includes both bone and teeth. In the same manner, the term 
25 "skeletaT means both bone and teeth. 

The term "osteoporosis" is intended to refer to any condition involving bone loss, i.e. 
involving a reduction in the amount of bone mass or substance resulting firom ai^ cause. 
The term particulariy resuhs in a bone loss resulting firom demineralization of the bone, post 
menopausal or peri-menopausal estrogen decrease or nerve damage. 
30 The terms "subject," "individual," "patient," and "host" are used nita"changeably 

herein and refer to any vertebrate, particulariy any mammal and most particulariy inchiding 
human subjects, &rm animals, and mammalian pets. 

10 
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Peftidic Compounds 

A peptidic compound of the invention is a peptide comprising from 10 to 50 anoino 
adds. The amino adds are preferably one of the twenty naturally occurring L-amino adds. 
However, D-amino adds may be present as may amino add analogs. A peptide of the 
5 invention will comprise one or more of the following amino add sequence motife: an 
integrin binding motif such as RGD sequence; a glycosaminoglycan binding moti^ and a 
caldiun binding motif Individual amino adds may be present in the peptides in either the L 
or the D isoform, but preferably in the L fonn. A peptide of the mvention can be amidated 
or non-amidated on its C-termimis, or carboxylated or non-carboxylated on its N-terminus, 
10 The peptide of the invention may or may not contain a glycosanainoglycan binding motif 
such as SGDG (SEQ ID NO:41) sequence in L- or D-isomer form A compound of the 
invention is still further characterized by biological activity i.e. it enhances skdetal growth 
as well as the growth or recruiting of osteoblast or odontoblast cells on surfece of the new 
skeletal growth, 

15 A peptidic compoimd of the invention exhibit one or more of the following properties 

when administered in an eflfective amount to an individual: (1) reduce bone loss; (2) increase 
bone mass; (3) increase bone strength; (4) reduce renal excretion of phosphate; and (5) 
reduce loss of phosphate from an individual. 

Specific examples of peptides of the invention comprise seven to forty-seven amino 

20 adds on dther side of the RGD sequrace of the naturally occurring sequence of matrix 

extraceDuIar phosphoglycoprotdn. Thus, examples of peptides of Ae invention comprising 
sequences taken from the following sequence and including the KGD sequence shown in 
bold: 

DSQAQKSPVKSKSTffiaQHlOTOYLKHLSKVKKIPSD 
25 DGQPFKDIPGKGEATGPDLEGKDIQTGFAGPSEAESTHL (SEQ ID NO: 1) 

Specific examples of peptides of the invention which conq)rise the RGD sequence as 
the terminal sequence include the following: 

AQKSPVKSKSTHWQHNIDYLKHLSKV^ (SEQ ID N0:2) 

30 RGDAQKSPVRSKSTHRIQHNIDYLKHIJSKVK^ (SEQ ID N0:3) 

DSQAQKSPVKSKSTHRIQHNTOYIJaiLSKVK^ (SEQ ID NO:4) 

RGDSPVKSKSTBJRIQHNTOYIJaiLSKVKKIP (SEQ ID NO:5) 

DSQAQKSPVKSKSTHRIQHNTOYLKHI^KA™^ (SEQ ID N0:6) 

11 
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RGDTEJRIQHNTOYIJCHLSKVKKIPSDFEGSGYTDLQE (SEQ IDN0:7) 

DSQAQKSPVKSKSTHRIQHNTOYIXEILSKVKKIPSDFERGD (SEQ IDN0:8) 

RGDLKHLSKVKKIPSDEEGSGYTDLQE (SEQ ID N0:9) 

DSQAQKSPVKSKSTBMQHNIDYLKHLSKVKKIPSRGD (SEQ ID NO:10) 
5 RGDLSKVKKIPSDEEGSGYTDLQE (SEQ ID NO: 1 1) 

DSQAQKSPVKSKSTEIRIQHNIDYLKHLSKRGD (SEQ ID NO: 12) 

RGDVKKIPSDEEGSGYTDLQE (SEQ ID NO: 13) 

DSQAQKSPVKSKSTHEaQHNIDYLKRGD (SEQ ID NO: 14) 

RGDIPSDEEGSGYTDLQE (SEQ ID NO: 15) 
10 DSQAQKSPVKSKSTHRIQHNIDRGD (SEQ ID N0:16) 

RGDDFEGSGYTDLQE (SEQ ID NO: 17) 

DSQAQKSPVKSKSTHRRGD (SEQ ID NO:18) 

RGDGSGYTDLQE (SEQ ED NO: 19) 

DSQAQKSPVKRGD (SEQ ID NO:20) 
15 RGbGYTDLQE(SEQIDNO:21) 

DSQAQKSRGD (SEQ ID NO:22) 

RGDNDISPFSGDGQPFKDIP(aCGEATCaPDLE(aa)IQTGBFA (SEQ ID NO:23) 

Spedfic examples of the peptides of the invention which comprise tiie RC3) 

20 internally indude the following: 

NDI RGDSPFSGDGQPFKDIPGKGEATGPDLECaKDIQTaFA (SEQ ID NO:24) 
NDISPF RGDSCaXSQPFKDIPGKGEATGPDLEaKDI (SEQ ID NO:25) 
NDISPFSCT) RGDGQPFBODIPGKaEATCffDL (SEQ ID NO:26) 
FSCTKjQPFKDIPGKCffiATGPDLEGKDIQTGFAGPSEAES RGDTEIL (SEQ ID NO:27) 

25 IPGKGEATGPDLEGKDIQTCTACff SE RGDAESTHL (SEQ ID NO:28) 
EATGPDLEGKDIQTGFAG RGDPSEAESTHL (SEQ ID NO:29) 
NDISPFSGDGQPFKD RGDIPGKOEATGPDLE^ (SEQ ID NO:30) 
GKGEATGPDLEGKDI RGBQICTACffSEAESTHL (SEQ ID NO:31) 
FSODGQPEKDIPGKGEATG RGDPDLEGKDIQTGFAGPSEA (SEQ ID N0.32) 

30 DGQPFKDIPGKGEATG RGDPDLEGKDIQTGF (SEQ ID NO:33) 
PFKDIPGKGEATG RGDPDLEOaJIQ (SEQ ID NO:34) 
DIPGKCffiATG RGDPDLEGKDIQTGFAGP (SEQ ID NO:35) 
DGQPFKDIPGKGEATG RGDPDLEGKDIQTGF (SEQ ID NO:36) 

12 
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GKGEATG RGDPDLECaKDIQTCTAGPSEA (SEQ ID NO:37) 
EATG RGDPDLEGKDIQTGF (SEQ ID NO:38) 
EATG RGDPDLEGK (SEQ ID NO:39) 
EATG RGDPDL (SEQ ID NO:40) 

5 

In some embodiments, a peptide of the invention comprises a glycosaminoglycan- 
binding motif . A glycosaminoglycan binding motifhas the consaisus sequence SGXG 
(SEQ ID NO:50), A^^ein X is airy amino add. In some embodiments, a 
glycosaminoglycan binding motif has the sequence SGDG (SEQ ID N0:41). 

10 In oth^ embodiments, a peptide of the invention comprises a calcium binding motif. 

In some embodiments, a caldum binding motif has the sequence DNDISPFSCHXJQ (SEQ 
ID NO:42). Also included in the term "caldimi binding motif are aamo add sequences 
that differ from SEQ ID NO:42 by one, two, three, four, five, sfac, seven, or dght amino 
adds. Of particular hiterest in many embodiments are motife that conserve amino acids 1, 3, 

15 5, 7, 9, and 12 of SEQ ID NO:42. Thus, in some embodiments, a pq)tide of the invention 
comprises, as a caldunt^inding moti^ the sequence DXDXSXFXGXXQ (SEQ ID NO:43), 
v^erdn X is any amino add or amino add analog. 

In other embodiments, a caldum binding motif has the sequence 
DX1X2X3X4X5X6X7X8X9X10X11X12, ^^erein: 

20 Xi is any amino add; 
X2isD,N,or S; 
X3isI,L,V,F,Y,orW; 
X4isD,E,N,S,T,orG; 
X5isD,N,Q,G,aR,orK; 

25 XeisGorP; 

X7isL,I,V,M,C; 

X«isD,E,N, Q, S, T, A, G, orC; 

each of X9 and Xio is independently any amino acid; 

XiiisDor E;and 

30 Xi2isL, 1, V, M, F, Y, or W. 



In other embodiments, a caldum binding motif has the sequence 
XiX2X3X4C(X5)nC(X6)mCX7X8X9XioXnXi2Xi3Xi4C, wherdn 

13 
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each of Xi , X3, and X4 is independently D, E, Q, or N; 

each of X2, X5, Xe, X7, X9, Xio, Xii,Xi2, and Xm is independently ai^ amino add; 
n is 3-14; 
m is 3-7; 
5 X8isDorN;and 
XiaisForY. 

In other embodiments, a calcmm binding motif has the sequence 

XiX2X3X4X5DX6X7XgX9XioXi2Xi3Xi4Xi5Xi6Xi7Xi8Xi9X2oX2i, whercin 
10 each of Xi and X2 is independently L, I, V, M, F, Y, or W; 

each of X^, X4, Xe, X7, Xg, Xio, Xn, X12, X15, Xig, and X19 is independently any amino add; 

XsisLorK; 

X9isDorN; 

Xi3isD,HS, orG; 
15 XnisForY; 

X16 is E or S; 

XnisF, Y,V,orC; 

X2oisL,I,V,M,F,orS; 

andXiiisL,!, V,HorF. 

20 

In other embodiments, a caldimi binding motif has the sequence 
DX1X2X3X4X5X6GX7DX8X9X10GGX11X12X13D, wherdn 

eadi of Xi, 3^, X4, X5, X6, X7, X«, Xio, Xu, X12, and X13 is independently any amino 
add; and 

25 each of X2 and X9 is independently L or 1. 

Caldum binding moti& are known in the art and have been described anqply. See, 
for example, Springer et al. (2000) Cell 102:275-277; Kawasaki and Kretsinger (1995) 
Protein Prof, 2:305-490; Moncrief et al. (1990 J. Mol Evol 30-522-562; Chauvaux et al. 
30 (1990) Biochem. J. 265:261-265; Bairoch and Cox (1990) FEBSLetL 269:454^56; Davis 
(1990) New Biol 2:410-419; Schaefer et al. (1995) Genomics 25:638-643; and Economou et 
al. (1990) FMBO J. 9 :349-354 . Aity known caldum binding motif can be induded in a 
peptidic compound of the inventioa 

14 
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A peptide of the invention may comprise one or more of an integrin binding moti^ a 
gjycosaminogjiycan binding moti^ and a caldxmi binding motif. The motifs may be present 
in the peptide in any order relative to one another. The motife may be separated from one 
another by one, two, three, four, five, sbc, seven, eight, nine, or ten amino acids, or more. 
5 Furthermore, a motif may overly with one or more other motife. As one non-limiting 
example, a peptide having the sequence TDLQERGDNDISPFSCaXJQPEKD (SEQ ID 
NO:49) comprises all three motife, which overiap with one another. 

All or any of the amino adds in the above sequences may be in the D- or L- 
confonnation and may be substituted with equivalent analogs. The preferred embodiments 
10 comprise naturally occurring amino adds in the L-conformation. 

All or any of the above sequences may be amidated, non-amidated, or otherwise 
modifed on their C-terminus, or caiboxylated, non-caiboxylated, or otherwise modified on 
their N-terminus. 

In addition, multimers of any of the foregoing peptides are provided. Multimers 

15 include dimers, trimers, tetramers, pentamers, hexamers, etc. Thus, a peptide of the 

invention having a length of from about 1 0 to aboirt SO amino adds can be multimerized, 
optionally with an int^emng linker, such that a subject peptide occurs in tandem arrays of 
two, three, four, five, ax, or more copies. Furthermore, two or more different peptides of the 
invention can be multimerized with one another, fonmng "heteronaultimers." Thus, e.g., a 

20 multimer may comprise a first and a second peptide, Bnked together by peptide bonds, 
optionally with a linker molecule such as one to ten gtydne residues. 

Peptidic compounds of the invention can be obtained using any known method, 
induding, e.g., soUd phase peptide synthe^ techniques, where such techniques are knovm 
to those of skill in the art. Methods for synthesizing peptides are well known in the art and 

25 have been smply described in numerous publications, including, e.g., "The Practice of 
Peptide Synthesis" M. Bodanszky and A Bodanszky, eds. (1994) Springer-Veriag; and 
Jones, The Chemical Synthesis of Peptides (Clarendon Press, Oxford)(1994). Generally, in 
such methods a peptide is produced through the sequential additional of activated 
monomeric units to a solid phase bound growing peptide chain. Also of interest is the use of 

30 submonomers in solid phase synthesis, as described in WO 94/06451, the disclosure of 
\^ch is herein incorporated by reference. 
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Instead of solid phase synthesis, the subject peptidic compounds of the subject 
inv^tion may be prepared through ^ression of an expression system comprising a 
polynucleotide encoding the peptidic compound. Any convenient methodology may be 
employed, where methodologies that may be employed typically include preparation of a 
5 nucleic acid molecule comprising a nucleotide sequence encoding the subject peptide, 

introduction of the encoding region into a vector for expression, transformation of a host cell 
with the vector, and ei?q)ression and recoveiy of the product. Protocols for accomplishing 
each of the above steps are well known in art. See Sambrook, Fritsch & Maniatis, Molecular 
Cloning, A Laboratory Manual (Cold Spring Harbor Press, Inc.)(1989). 

10 Matrix extracellular phosphogilycoprotein was cloned and characterized from a 

human tumor that caused osteomalacia in the patients. This extremely rare type of tumor 
called Oncogenic Hypophosphatemic Osteomalacia (OHO) tumor has been known to cause 
renal phosphate leak, hypophosphatemia (low serum phosphate levels), low serum caldtriol 
(l,2S-vitamin D3), and abnormalities in skeletal mineralization (Osteomalada). In the 

1 5 patients of OHO tumor, resection of the tumors results in remission of all of the above 
symptoms and it has been proposed that a circulating phosphaturic &ctor secreted from 
OHO tumor plays a role in osteomalacia. Matrix extracellular phosphogjiycoprotein was 
proposed as a candidate of this phosphaturic fector (Rowe et. al.. Genomics (2000) 67:56- 
68). 

20 Phosphate plays a central role in many of the basic processes essential to the cell and 

the mineralization of skeleton. In particular, skeletal mineralization is dependent on the 
regulation of phosphate and calcium in the body and any disturbances in phosphate-calcium 
homeostasis can have severe repercussions on the integrity of bone. In the kidney, phosphate 
is lost pasavdy into the glomerular filtrate and is actively reabsorbed via a sodium (Na+) 

25 dq)endent phosphate cotransporter. In the intestine, phosphate is absorbed from foods. A 
sodmm (Na+) dependent phosphate cotransporter was found to be expressed in the intestine 
and recently cloned (EBlfiker, PNAS 95(24) (1998), 14564-14569). The Kver, skin and 
kidney are involved in the conversion of vitamin D3 to its active metabolite, caldtriol, which 
plaj^ an active role in the maintenance of phosphate balance and skeletal mineralization. 

30 Vitamin D deficiency causes rickets in children and osteomalacia in adults. Both 

conditions are characterized by fruture of caldfication of osteoid, v/bich is the matrix of 
skeletoa 

16 
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Thus, aD of the humoral functions by matrix extraceflular phosphoglycx)protdn, 
namefy, renal phosphate leak, hypophosphatemia (low serum phosphate levels), low serum 
calcitriol (1,25-vitamin D3), are harmful to healthy skeletal formation. 

Matrix extraceflular phosphoglycoprotdn is a large polypeptide with 525 amino acid 
5 with short N-terminus agnal sequence. Therefore, it is highly probable that this molecule is 
secreted from its producing cells into the body fluid and drculation. Out of its 525 amino 
add sequence, a 23 amino add motif on the C-terminus showed high similarities to a group 
of bone-tooth mineral matrix phosphoglycoproteins such as osteopontin (OPN), dentin 
sialophosphoprotein (DSPP), dentin matrix protein 1 (DMPl), and bone sialoprotdn H 
10 (IBSP). It has been proposed that these bone-tooth mineral matrix phosphoprotems may 
play important roles in skeletal mineralization. 

Notwithstanding the above observations about matrix extracellular 
phosphoglycoprotein, smaller peptide sequence containing integrin binding motif that is 
located within the amino acid sequence and &x from its C-terminus sequence with a high 
15 degree of similarity to other bone-tooth mineral matrix phosphoglycoproteins demonstrated 
a veiy potent skeletal formation activity and inoeased the numb^ of osteoblasts on such 
skdetal formation surfece. The potency of such activities was equivalent to fibroblast 
growth &ctor (FGF). It was surprising in that small moti& located within a larger protdn 
which has destructive fonctions on the skeleton demonstrated potent bone formation activity, 
20 and that such motife were located fer from the sequence which showed homology to other 
known bone-tooth matrix protdns. 

Another surprising &ct was that potent skeletal formation moti& of the invention 
contained an integrin binding motij^ in particular, RGD sequence. It has been reported that a 
synthetic peptide containmg the KGD sequmce inhibited bone formation and resorption in a 
25 mineralizing organ culture system of fetal rat skdeton (Gronowicz et. al. Journal of Bone 
and Mineral Research 9(2): 193-201 (1994)), that is a very similar ©jperimental method used 
to test the subject of the present invention. 

Further, the skdetal formation activity provided by the small peptides of the 
invention was as potent as that of an intact growth fector such as FGF. 

30 
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TBERAPEunc Methods 

The inventioa provides methods for reducing skeletal bone loss, methods for 
reducmg renal phosphate, leakage, methods for increasing bone mass, methods for increasing 
bone strength, and methods for reducing Pi excretion, comprising administering a peptidic 
5 compound of the invention. Typically, a peptidic compound of the invention is formulated 
with a pharmacaitically acceptable exdpient for delivery to an individual in need thereof. 

As used herein, an "effective amount" of a pqptidic compound of the invention is an 
amount that reduces bone loss, and/or increases bone strength, and/or increases bone mass, 
and/or reduces phosphate loss, and/or reduces renal phosphate excretion by at least about 

10 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at least 
about 35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, or 
at least about 60%, or more, when compared to a suitable control. Suitable controls are, in 
the case of e?q)erimental animals, an animal not treated with the peptide, e.g., treated with 
vehicle, or treated with an irrelevant peptide; and in the case of human subjects, a human 

15 subject treated with a placebo, or a human subject before treatment with a peptide of the 
invention. 

In some embodiments, an effective amount of a peptidic compound of the invention 
is an amount that reduces renal phosphate excretion, and therefore reduces phosphate loss 
from an individual, by at least about 10%, at least about 15%, at least about 20%, at least 
20 about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at 
least about 50%, at least about 55%, or at least about 60%, or more, when compared to a 
suitable control. 

Whether a given peptide reduces bone loss, and/or increases bone strength, and/or 
increases bone mass, and/or reduces phosphate loss, and/or reduces renal phosphate 

25 excretion in an individual can be determined using any known assay to measure any known 
parameter associated with any one or more of reduced bone loss, increased bone strength, 
increased bone mass, reduces phosphate loss, and reduced renal phosphate excretion, 
including, but not limited to, serum and urinary phosphorus levels (e.g., using a colorimetric 
assay); serum and urinary caldum levels (e.g., using a colorimetric assay); serum and 

30 urinary creatinine levels; bone tumover marker levels (e.g., deojiypyrodinolme and 

osteocalcin); bone density (e.g., by m vivo bone densitometry); bone mechanical testing 
(e.g., lumbar vertd>rae compression test; femoral shaft three point bending test; and the 
like); and the like. Such methods are standard in the art. 
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Individuals suitable for treatment with the methods of the invention are individuals 
having to believed to be at risk for, bone loss, or a disorder caused by bone loss, or a 
disorder whose sequelae include bone loss, including, but not limited to, dental caries, 
osteoporosis, Paget' s disease, renal phosphate leakage, renal osteodystrophy, osteomalacia, 
5 osteodystrophy resulting from other causes, osteolysis mediated by cancer, fractures, and 
hyperparathyroidism. Sudi individuals include older individuals, post-men^ausal women, 
kidney transplant recipients, and individuals having, or being at risk for, any of the 
aforementioned disorders. 

Routes of administration 
10 Peptides of the invention are administered to an individual using any available 

method and route suitable for drug delivery, inchiding in vivo and ex vivo methods, as well 
as systemic and localized routes of administration. 

Conventional and phannaceutically acceptable routes of administration include 
intranasal, intramuscular, intratracheal, subcutaneous, intradermal, topical application, 
15 intravenous, rectal, nas^ oral and other parenteral routes of adnrinistratioa Routes of 
administration may be combined, if desired, or adjusted dep^ding upon the 
utununomodulatory nucleic add molecule and/or the desired effect on the immune response. 
Peptides of the invention can be administered in a single dose or in multiple doses. 
Peptides of the invention can be administered to a subject using any available 
20 conventional methods and routes suitable for delivery of conventional drugs, including 
systemic or localized routes. In general, routes of administration contemplated by the 
invention include, but are not necessarily limited to, enteral, parenteral, or inhalational 
routes. 

PariMiteral routes of admmistration other than inhalation administration include, but 
25 are not necessarily limited to, topical, transdermal, subcutaneous, mtramuscular, intraorbital, 
intracapsular, intraspinal, intrastemal, and intravenous routes, 2. a, air/ route of 
administration other than through the alimentary canal. Parenteral administration can be 
carried to effect systemic or local delivery of peptides of the invention. Where systemic 
ddivery is desired, administration typically mvolves invasive or systemically absorbed 
30 topical or mucosal administration of pharmac^tical preparations. 

Peptides of the invention can also be delivered to the subject by enteral 
administration. Enteral routes of administration include, but are not necessarily limited to, 
oral and rectal using a suppository) delivery. 

19 
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Methods of acbniiustration of a peptide of the invention through the skin or mucosa 
inchide, but are not necessarily limited to, topical application of a suitable pharmaceutical 
preparation, transdermal transmission, injection and epidermal administration. Also 
contemplated for delivery of a peptide of the mvention is a patch containing therein a peptide 
5 of the invention. A patch can be applied to the skin, or to other tissue, e.g., gum tissue. Any 
known patch delivery system that is suitable for oral deUvery systCTi can be used. See, e.g., 
U.S. Patent No. 6,146,655. 

Peptides of the invention can also be delivered to an individual by administering to 
the individual a nucleic acid molecule comprising a nucleotide sequence that encodes a 

10 peptide of the invention. The terms "polynucleotide" and "nucleic add molecule" are used 
interchangeably herdn to refer to polymeric forms of nucleotides of any length. The 
polynucleotides may contain deo^^ribonucleotides, ribonucleotides, and/or their analogs. 
For expression, an expression cassette may be employed. The expression vector will provide 
a transcriptional and translational initiation re^on, which may be inducible or constitutive, 

15 where the coding r^on is operablyliriked under the transOTptiorialc^ 

transcriptional initiation region, and a transcriptional and translational tmnination regioit 
These control regions may be native to a gene encoding the subject peptides, or may be 
dOTved from exogenous sources. 

Expression vectors generally have convenient restriction sites located near the 

20 promoter sequence to provide for the msertion of imddc acid sequences encoding 

heterologous protdns. A sdectable marker operative in the expresaon host may be present. 
E?q>res^on vectors may be used for the production of fusion protdns, \^ere the exogenous 
fusion peptide provides additional fimctionality, i.e. ino-eased protein synthesis, stability, 
reactivity wtth defined antisera, an enzyme marker, e.g. p-galactosidase, etc. 

25 Expression cassettes may be prepared comprising a transcription initiation r^on, the 

gene or firagment thereof and a transcriptional termination region. Vectors inchide, but are 
not limited to, plasmids; cosmids; viral vectors; artifidal chromosomes (YAC's, BAC's, 
etc.); mini-chromosomes; and the like. Vectors are amply described in numerous 
publications well known to those in the art, mcluding, e.g.. Short Protocols in Molecular 

30 Biology, (1999) F. Ausubd, et al., eds., Wiley & Sons. 

Expression vectors may be used to introduce a nucldc add molecule encoding a 
subject peptide into a cell of an individual. Such vectors generally have convenient 
restriction sites located near the promoter sequence to provide for the insertion of nucleic 

20 
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add sequences. Transcription cassettes may be prepared comprising a transcription 
initiation region, the target gene or fragment thereof and a transcriptional termination 
re^oa The transcription cassettes may be introduced into a variety of vectors, e,g. plasnrid; 
retrovnus, e,g, lentivirus; adenovirus; and the like, where the vectors are able to transiently 
5 or stably be maintained in the cells, usually for a period of at least about one day, more 
usually for a period of at least about several days to several weeks. 

An expression vector conq)riamg a nucleotide sequence encoding a peptide of the 
invention may be introduced into tissues or host cells by any number of routes, including 
viral infection, microinjection, or fiision of vesicles. Jet iiyection may also be used for 

10 intramusailar administration, as described by Furth et aL (1992), Anal Biochem 205:365- 
368. The egression vector may be coated onto gold mioroparticles, and delivered 
intradermally by a particle bombardment device, or "gene gun" as described in the literature 
(see, for example. Tang etal. (1992), Nature 356:152-154), \^ere gold microprojectiles are 
coated wrih the expression vector, then bombarded into skin cells. 

15 Dosages 

Although the dosage used will vary depending on the clinical goals to be achieved, a 
suitable dosage range is one which provides up to about 1 /zg, to about 1,000 /zg, to about 
10,000 //g, to about 25,000 peg or about 50,000 //g of a peptide of the invention. Peptides of 
the invention can be administered in a single dosage or several smaller dosages over time. 

20 AJtemativdy, a target dosage of a peptide can be considered to be about 0. 1- lOOOpM, about 
1-500 /zM, or about 5-250jiM in a sample of host blood drawn within the first 24-48 hoiu^ 
after administration of the peptide. 

The effect on bone loss, bone strength, phosphate excretion, or other parameter may 
be dose-dependent. Therefore, to increase potency by a magnitude of two, each single dose 

25 is doubled in concentration. Increased dosages may be needed to adiieve the desired 
then^eutic goal. The invention thus contemplates administration of multiple doses to 
provide and maintain an effect on bone loss, bone strength, phosphate excretion, or other 
parameter. When multiple doses are administered, subsequent doses are administered within 
about 16 weeks, about 12 weeks, about 8 weeks, about 6 weeks, about 4 weeks, about 2 

30 weeks, about 1 week, about 5 days, about 72 hours, about 48 hours, about 24 hours, about 12 
hours, about 8 horns, about 4 hours, or about 2 hours or less of the previous dose, 
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In view of the teaching provided by this disclosure, those of ordinary skill in the 
clinical arts ^wiU be fiixniliar with, or can readily ascert^ suitable parameters for 
administration of peptides according to the invention. 

Formnlations 

5 In general, peptides are prepared ia a pharmac^tically acceptable composition for 

delivery to a host. Pharmacwtically acceptable carriers preferred for use with the peptides 
of the invention may include sterile aqueous of non-aqueous solutions, suspensions, and 
emulsions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, 
vegetable oils sudi as olive oil, and injectable organic esters such as ethyl oleate. Aqueous 

10 carriers include water, alcoholic/ aqueous solutions, emulsions or suspensions, including 
saline and buff^ed media. Parenteral vetudes include sodium chloride solution. Ringer's 
de?ctrose, dextrose and sodhim chloride, lactated Ringer's or fixed oils. Intravenous vehicles 
include iBuid and nutrient replenishers, electrolyte replenishers (such as those based on 
Ringer^s dextrose), and the like. A composition comprising a peptide of the invention may 

15 also be lyophilized using means well known in the art, for subsequent reconstitution and use 
according to the invention. Also of interest are formulations for liposomal delivery, and 
formulations comprising microencapsulated peptides. 

In gmeral, the pharmaceutical compositions can be prepared in various forms, such 
' as granules, tablets, pills, suppoatories, capsules, suspensions, salves, lotions and the like. 

20 In some embodiments, where delivery of a peptide of the invention is to oral tissues, a 

peptide of the invention may be formulated in a toothpaste, a moirthwash, or may be coated 
on or embedded in a dental floss. Pharmaceutical grade organic or inorganic carriers and/or 
diluents suitable for oral and topical use can be used to make up conq)ositions comprismg 
the ther^^cally-active compounds. Diluents known to the art include aqueous media, 

25 vegetable and animal oils and Ms. Stabilizuig agents, wetting and emulsifying agents, salts 
for varying the osmotic pressure or buffers for securing an adequate pH value, and skin 
penetration enhancers can be used as auxiliary agents. Preservatives and other additives may 
also be present such as, for example, anti-pathogenic agents (e g., antimicrobials, 
antibacterials, antivirals, antifungals, etc.), antioxidants, chelating agents, and inert gases and 

30 the like. 

A peptidic compound of the invention can be administered with any other known 
agent that reduces bone loss. Thus, combination therq)y is contenoqplated. Other agents that 
can be administered with a peptide of the invention include, but are not limited to, estrogen, 
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caldtonin, vitamin D, fluoride, Ipriflavon, and bisphosphonate. A peptide of the invention 
can be administered simultaneously with (e.g., in admixture with, or in separate 
formulations) another agent that reduces pone loss; or can be administered within about 15 
minutes^ about 30 miautes, about 60 minutes, about 2 hours^ about 5 hours, about 10 hours, 
5 about 12 hours, about 24 hours, about 36 hours, about 4 days, about 7 days^ or more, of 
another agent that reduces bone loss. In addition, two or more peptides of the invention can 
be administered simultaneously or within about 15 minutes, about 30 minutes, about 60 
ounutes, about 2 hours, about 5 hours, about 10 hours, about 12 hours, about 24 hours, about 
36 hoiu^, about 4 days, about 7 days, or more of each other. 

10 

EXAMPLES 

The following exanq)les are put forth so as to provide those of ordinary skill in the 
art with a complete disclosure and description of how to make and use the present invention, 
and are not intended to limit the scope of what the inventors rpgard as their invention nor are 
15 they intended to represent that the &q)^iments below are all or the only experiments 
performed. Efforts have been made to eiisure accuracy with respect to numbars used (e^ 
amoimts, temperature, etc.) but some experimental errors and deviations should be accounted 
for. Unless indicated otherwise, parts are parts by weight, molecular weight is weight 
, average molecular weight, temperature is in degrees Centigrade, and pressure is at or near 
20 atmospheric. 
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EXAMPLE 1 
Synthesis of IM)0001, etc 

Six diflFerent peptides w^ maimally synthesized by the 9-fluorenybnethoxycarbonyl 
(Fmoc) strategy and prepared in the C-terminal amide form The six peptides are as follows: 



D-OOOOl: 
D-00002: 
D-00003: 
D-00004: 
D-00005: 
D-00006: 

(C-terminus amidated) 



IPSDEEGSGYTDLQE (SEQ ID NO:44) 
DEEGSGYTDLQERGD (SEQ ID NO:45) 
YTDLQERGDNDISPF (SEQ ID NO:46) 
ERGDNDISPFSGDGQ (SEQ ID NO:47) 
NDISPFSOTGQPFKD (SEQ ID NO:48) 
TDLQERGDNDISPFSGDGQPEKD (SEQ ID NO:49) 
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Amino add derivatives and resins were purchased from Bachem, Inc., Torrance, 
CA., and Novabiochem, La JoUa, CA. The respective amino adds were condensed 
manually in a stepwise manner using 4-(2*, 4*-dimethoxypheaj4-Fmoc-aminomethjd)- 
phenoxy resin. N-methyl pyrrolidone was used during the synthesis as a solvent. For 
5 condensation, diisopropylcarbodiimide/N-hydroxybenzotriazoIe was employed, and for 
deprotection of ^T-Fmoc groups, 20% piperidine in N-methjd pyrrolidone was employed. 
The following side chain protecting groups were used: Asn and On, tritjd; Asp, Glu, Ser, 
and Thr, t-butyl; Arg, 2,2,5,7,8-pCTtamethyichroman-6-suIfonyl; and Lys, t-butoxycarbonyl. 
Resulting protected peptide resins were deprotected and cleaved from the resin xising a 

10 trifluoroacetic add-thioanisole-m-cresol-ethanedithiol-HaO (80:5:5:5:5, vA^) at 20**C for 2 h. 
Resulting crude pq)tides were predpitated and washed witii ethyl ether then purified by 
reverse-phase high performance liquid chromatogr^hy (using Vydac 5C18 column and a 
gradient ofwater/acetonitrile containing 0.1% trifluoroacetic add). All peptides were 
obtained with 5-20% yidd (from the starting resin). Purity of the peptides was confirmed by 

15 analytical high performance liquid chromatogr^fay. Id^tity of the peptides was confirmed 
by a Sdex API TTTR triple quadrupole ion spray mass spectrometer. 



EXAMPLE 2 
Fetal Mouse Calvarial Assay 

20 Reagents 

FOF-l was purchased from Peprotech Inc. (Rocky Hill, NJ). ROD-l, 2, 3, 4, 5 and 6 
(referred to hare as D-OOOOl, D-00002, D-00003, D-00004, D-00005 and D-00006) were 
provided by Dr. Nomizu (Hokkaido University, Japan). 

25 Mice 

Pregnant ICR mice were pwchased from SLC Japan Co. Ltd. (Shizuoka, Japan). 

Mouse calvarial organ culture 

Mouse calvarial organ culture was performed as described in Mundy G et al. Science 
30 286: 1946-1949, 1999 and Traianedes K et al. Endocrinology 139: 3 178-3 184, 1998. The 
cah^aria from 4-days-old mice were exdsed and cut in half along the sagittal suture. Each 
half of the calvaria was placed on a stainless steel grid in a 12-well tissue culture dish (Asahi 
Glass Techno Corp., Funabashi, J^an). Each well contained 1.5 ml of BGj medium (Sigma, 
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St. Louis, MO) supplemented with 0. 1% bovine semm albumin (Sigma) and each 
compound. FGF-1 was used as a positive control as desoibed by Mundy et al. The medium 
was changed at day 1 and 4, and the assay was terminated at day 7. 

5 Histomorphometrical analysis 

Calvaria was fixed with 10% neutral-bufifared formalin, decalcified with 4. 13% 
EDTA and embedded in paraflSn. 4nmi-thickness sections were made and stained with 
hematox^ and eosia New bone area was measured using Image-Pro Phis (Media 
Cybernetics, Silver Spring, MD). 
10 The sfac peptides of Example 1 were tested for their ability to enhance bone growth 

with the tests being carried out as described above m Example 2. The peptides which did 
not include the RGD sequence did not show positive results. The other four peptides 
showed positive results with the best results bemg obtained witii the sequences 
D-00004: ERGDNDISPFSGDGQ (SEQ ID NO:47), and 

15 D-00006: TDLQERGDNDISPFSGDGQPFKD (SEQ ID NO:49). 

The best results are in Figure 3 (specifically Rgure 3C and 3D). Data fix)m these 
results are graphically shown in Figures 4. 

EXAMPLE 3 

20 In Vivo Bone Formation Study 

Reagents 

FCff-1 was purchased fi-om Peprotech Inc. (Rocky EBB, NJ). RCH>-6 (referred to here 
as D-00006) was synthesized by CS Bio (San Carlos, CA) under the instruction of the 
inventors. 

25 D-00006: TDLQERGDNDISPFSOJGQPEKD (SEQ ID NO:49). 

M'ce 

Four week old mice were purchased finom SLC Jq)an Co. Ltd. (Shizuoka, Japan) and 
randomized to three groups (n=5). 



30 



Mouse caharia growth assay 

D-00006 (20pg/kg/day), FGF-1 (12.5ng/k^day), or vehicle (saline) was 
subcutaneously injected into the soft tissues adjacent to the calvaiiae of the test animals. 

25 
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The daily amount of the samples were divided by two, respectively, and injected twice a day 
for five days. After 15 days of the last administration, the calvariae were excised and cut m 
half along the sagittal suture, and provided to the EQstomorphometrical analysis. 

5 Histomorphometrical analysis 

Calvaria was fixed with 10% neutral-buffered formalin, decalcified with 4. 13% 
EDTA and embedded in paraffin. 4mm-thickness sections were made and stained with 
hematoxylin and eosin. New bone area was measured uang Image-Pro Plus (Media 
Cybernetics, Silver Spring, MD). 

10 

Results 

The <^varia sections firom the animals treated with FGF-1 showed a significant 
expansion of bone area as compared to the vehicle treated group. Those fi-om the animals 
treated with D-00006 also demonstrated a sigmficant e?q)ansion of bone area as compared to 
15 the vehicle treated group and the efficacy was equivalent to that of FGEF-l . Data fix)m these 
results are graphically shown in Figure 5. 



EXAMPLE4 
EfTect of I>-00006 on renal phosphate excretion 

20 Experimental ensign ami treatments 

Forty 3-month old virgin female Sprague-Dawley rats (Hailan Sprague Dawley, Inc.) 
were acclimated for one week prior to beginning the exp^iments. Following the 
acclimatization period, the animal were randomized by initial body wdght into treatment 
groups outlmed in Table 1. Ovx: ovariectomized; LD: low dose; HD: high dose; Est: 

25 estradiol; D-00006 (TDLQERCaJNDISPFSGDGQPEKD; SEQ ID NO:49). 
Table 1 



Group No. 


Description 


Treatment 


Dose-Level 


#of Ammals 


1 


Sham 


Vehicle 




8 


2 


Ovx 


Vehicle 




8 


3 


Ovx + LD 


D-00006 


20ug/k^day 


8 


4 


Ovx + HD 


D-00006 


200 \igfkg/day 


8 


5 


Ovx + Est 


17 ^-estradiol pellet implant 
and vehicle 


10 ^g/l^day 


8 



One day prior to the initiation of treatments, the animals were anesthetized with a 

ketamin/xylazine anesthetic mixture, and animals in groups 2-S were ovariectomized. 
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Urine was collected in metabolic cages on Day 41. Blood and urine samples were 
collected for chemistry and bone turnover markers assays at the end of the 41-day treatment 
period. Prior to urine and blood collections, the animals were placed in metabolic cages and 
deprived of food for an overnight fest period of 18 hours. Urine samples were collected and 
the volumes recorded. The urine samples were then centrifuges at approximately 3000 x g 
for 10 minutes in a re&igerated centrifuge. The samples were filtered to remove 
contaminating sediments. 

Serum and urine chemistry 

Total serum calcium and creatinine levels were the same in all treatment groups, 
except that the Ovx animals treated with estradiol showed a slight increase in serum calcium. 
There was a dose-dq)endent increase in serum phosphorus in the D-0006 treated groups. 
Total urine volumes, collected over an 18-hour period, were the same in all groups. Figure 6 
shows the derived urine parameters. 

The total amount of phosphorus in the 18-hour urine collections showed a significant 
decrease in D-00006 treated groups. As a result, D-00006 treated groups demonstrated 
lower phosphate clearance and a higher percentage of tubular reabsorption of phosphorus. 
D-00006 was clearly shown to be an agent that conserves phosphorus in the drculadon. 

While the present invention has been described with reference to the spedfic 
embodiments thereof it should be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without departing from the true spirit and 
scope of the inv^tion. In addition, many modifications may be made to adapt a particular 
situation, material, con^)o^tion of matter, process, process step or steps, to the objective, 
spirit and scope of the present inventioiL All such modifications are intended to be within 
the scope of the claims appended hereto. 
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1 . A peptide compound, comprising about ten to about 50 amino adds in a 
5 sequence, wherein the peptide compound enhances bone growth, wherein each amino add 
may be in D- or L- conformadon, and wherdn the sequence comprises a motif sdected from 
the group consisting of an integrin binding motii^ a glycosaminoglycan binding moti^ and a 
calcium binding motif 

10 2. The peptide compound of claim 1, wherein the integrin binding motif is an 

RG35 sequence. 

3. The peptide compound of claim 1, wherein the glycosaminoglycan motif has 
the sequence SGDG. 

15 

4. The peptide compound of claim 1, \dierein the calcixmi binding motif has the 
sequence DXDXSXFXGXXQ, wherein X is any amino add. 

5. The peptide compoxmd of daim 4, wherein the caldimi binding motif has the 
20 sequence DNDISPFSGDGQ, 

6. A multimer of the peptide of daim 1 . 

7. A formulation con^rising: 
25 a carrier, and 

a therap^tically efiFective amount of a peptide of claim 1. 

8. The formulation according to claim 7, \)^erein the carrier is a saline solution 
and the formulation is injectable. 

30 

9. The formulation according to claim 7, wherein the carrier is a paste and the 
formulation is a toothpaste. 
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10. The fonnulation according to claim 7, wherein the carrier is an aqueous 
flavored solution and the fonnulation is a mouthwash. 

11. A patch for oral delivery of a compound, said patch comprising a fonnulation 
according to claim 7. 

12. A method of reducing bone loss, comprising administering to an individual an 
effective amount of a peptidic compound according to claim 1 . 

13 . A method of reducing renal phosphate exo-etion in an individual, comprising 
administering to an individual an effective amount of a peptidic compoimd according to 
claim 1. 
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SEQUENCE LISTING 

<110> Kiomagai, Yoshinari 

Blacher, Russell Wayne 
Yoneda, Toshiyuki 

<120> Integrin Binding Motif Containing 

Peptides and Methods of Treating Skeletal Diseases 



<130> BEAR-006WO2 

<140> 09/812,485 
<141> 2001-03-19 

<150> 09/641,034 
<151> 2000-08-16 

<160> 50 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 97 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic con5>ound 
<400> 1 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

lie Gin His Asn lie Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

lie Pro Ser Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu 'Gin Glu Arg 

35 40 45 

Gly Tlsp Asn Asp lie Ser Pro Phe Ser Gly Asp Gly Gin Pro Phe Lys 

50 55 60 

Asp He Pro Gly Lys Gly Glu Ala Thr Gly Pro Asp Leu Glu Gly Lys 
65 70 75 80 

Asp He Gin Thr Gly Phe Ala Gly Pro Ser Glu Ala Glu Ser Thr His 
85 90 95 

Leu 



<210> 2 
<211> 47 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compoimd 
<400> 2 

Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg He Gin His 

15 10 15 

Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys He Pro Ser 

20 25 30 

Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu Arg Gly Asp 
35 "40 45 - 
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<210> 3 
<211> 47 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compoiind 
<400> 3 

Arg Gly Asp Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

lie Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

He Pro Ser Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu 
35 40 45 



<210> 4 
<211> 47 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conqpound 
<400> 4 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

He Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

He Pro Ser Asp Phe Glu Gly Ser Gly Tyr Thr Asp Arg Gly Asp 
35 40 45 



<210> 5 
<211> 44 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coiopoimd 
<400> 5 

Arg Gly Asp Ser Pro Val Lys Ser Lys Ser Thr His Arg He Gin His 

1 5 10 .15 

Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys He Pro Ser 

20 25 30 

Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu 
35 40 



<210> 6 
<211> 44 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conqpound 
<400> 6 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 
15 10 15 
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He Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

He Pro Ser Asp Phe Glu Gly Ser Gly Arg Gly Asp 
35 40 



<210> 7 
<211> 37 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic con$)ound 
<400> 7 

Arg Gly Asp Thr His Arg He Gin His Asn He Asp Tyr Leu Lys His 

15 10 15 

Leu Ser Lys Val Lys Lys He Pro Ser Asp Phe Glu Gly Ser Gly Tyr 

20 25 30 

Thr Asp Leu Gin Glu 
35 



<210> 8 
<211> 41 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coinpound 
' <400> 8 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

He Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

He Pro Ser Asp Phe Glu Arg Gly Asp 
35 40 



<210> 9 
<211> 27 
<212> PRT 

<213> TUrtificial Sequence 
<220> 

<223> peptidic coinpound 
<400> 9 

Arg Gly Asp Leu, Lys His Leu Ser 

1 5 
Phe Glu Gly Ser Gly Tyr Thr Asp 
20 



Lys Val Lys Lys He Pro Ser Asp 

10 15 
Leu Gin Glu 
25 



<210> 10 
<211> 38 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coinpound 
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<400> 10 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

He Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Val Lys Lys 

20 25 30 

He Pro Ser Acq Gly Asp 
35 



<210> 11 
<211> 24 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coBopound 
<400> 11 

Arg Gly Asp Leu Ser Lys Val Lys Lys He Pro Ser Asp Phe Glu Gly 

15 10 15 

Ser Gly Tyr Thr Asp Leu Gin Glu 
20 



<210> 12 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 12 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

He Gin His Asn He Asp Tyr Leu Lys His Leu Ser Lys Arg Gly Asp 
20 25 30 



<210> 13 
<211> 21 
<212> PRT 

<213> TUrtificial Sequence 
<220> 

<223> peptidic coinpound 
<400> 13 

Arg Gly Aap Val Lys Lys He Pro Ser Asp Phe Glu Gly Ser Gly Tyr 

1 5 10 15 

Thr Asp Leu Gin Glu 
20 



<210> 14 
<211> 28 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conpound 
<400> 14 
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Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

lie Gin His Pksn lie Asp Tyr Leu Lys Arg Gly Asp 
20 25 



<210> 15 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 15 

Arg Gly Asp lie Pro Ser. Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu 

15 10 15 

Gin Glu 



<210> 16 
<211> 25 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conrpound 
<400> 16 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

lie Gin His Asn lie Asp Arg Gly Asp 
20 25 



<210> 17 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conpound 
<400> 17 

Arg Gly Asp Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu 
15 10 15 



<210> 18 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compoiind 
<400> 18 

Asp Ser Gin Ala Gin Lys Ser Pro Val Lys Ser Lys Ser Thr His Arg 

15 10 15 

Arg Gly Asp 
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<210> 19 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic confound 
<400> 19 

Arg Gly Asp Gly Ser Gly Tyr Thr Asp Leu Gin Glu 
15 10 



<210> 20 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 20 

Asp Ser Gin 7U.a Gin Lys Ser Pro Val Lys Arg Gly Asp 
15 10 



<210> 21 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 21 

Arg Gly Asp Gly Tyr Thr Asp Leu Gin Glu 
1 5 10 



<210> 22 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 22 

Asp Ser Gin Ala Gin Lys Ser Arg Gly Asp 
15 10 



<210> 23 
<211> 40 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 23 

TVrg Gly Asp Asn Asp lie Ser Pro Phe Ser Gly Asp Gly Gin Pro Phe 
15 10 15 
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Lys Asp lie Pro Gly Lys Gly Glu Ala Thr Gly Pro Asp Leu Glu Gly 

20 25 30 

Lys Asp lie Gin Thr Gly Phe Ala 
35 40 



<210> 24 
<211> 40 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 24 

Asn Asp lie Arg Gly Asp Ser Pro Phe Ser Gly Asp Gly Gin Pro Phe 

15 10 15 

Lys Asp lie Pro Gly Lys Gly Glu Ala Thr Gly Pro Asp Leu Glu Gly 

20 25 30 

Lys Asp lie Gin Thr Gly Phe Ala 
35 40 



<210> 25 
<211> 35 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coEopound 
<400> 25 

Asn Asp lie Ser Pro Phe Arg Gly Asp Ser Gly Asp Gly Gin Pro Phe 

15 10 15 

Lys Asp lie Pro Gly Lys Gly Glu Ala Thr Gly Pro Asp Leu Glu Gly 
20 25 30 

Lys Asp lie 
35 



<210> 26 
<211> 30 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic coir5)Oimd 
<400> 26 

Asn Asp lie Ser Pro Phe Ser Gly Asp Arg Gly Asp Gly Gin Pro Phe 

15 10 15 

Lys Asp lie Pro Gly Lys Gly Glu Ala Thr Gly Pro Asp Leu 
20 25 30 



<210> 27 
<211> 45 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conpound 
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<400> 27 

Phe Ser Gly Asp Gly Gin Pro Phe Lys Asp lie Pro Gly Lys Gly Glu 

15 10 15 

Ala Thr Gly Pro Asp Leu Glu Gly Lys Asp lie Gin Thr Gly Phe Ala 

20 25 30 

Gly Pro Ser Glu Ala Glu Ser Arg Gly Asp Thr His Leu 
35 40 45 



<210> 28 
<211> 35 . 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> pep t idle confound 
<400> 28 

lie Pro Gly Lys Gly Glu Ala Thr 

1 5 
lie Gin Thr Gly Phe Ala Gly Pro 
20 

Thr His Leu 
35 



Gly Pro Asp lieu Glu Gly Lys Asp 

10 15 
Ser Glu Arg Gly Asp Ala Glu Ser 
25 30 



<210> 29 
<211> 30 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 29 

Glu Ala Thr Gly Pro Asp Leu Glu Gly Lys Asp lie Gin Thr Gly Phe 

15 10 15 

Ala Gly Arg Gly Asp Pro Ser Glu Ala Glu Ser Thr His Leu 
20 25 30 



<210> 30 
<211> 33 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 30 

Asn Asp lie Ser Pro Phe Ser Gly 

1 5 
Gly Asp lie Pro Gly Lys Gly Glu 
20 

Lys 



Asp Gly Gin Pro Phe Lys Asp Arg 

-10 15 
Ala Thr Gly Pro Asp Leu Glu Gly 
25 30 



<210> 31 
<211> 33 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> peptidic conpound 
<400> 31 

Gly Lys Gly Glu Ala Thr Gly Pro 

1 5 
Gly Asp Gin Thr Gly Phe Ala Gly 
20 

Leu 



Asp Leu Glu Gly Lys Asp lie Arg 

10 15 
Pro Ser Glu Ala Glu Ser Thr His 
25 30 



<210> 32 
<211> 40 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conqpound 
<400> 32 

Phe Ser Gly Asp Gly Gin Pro Phe Lys Asp He Pro Gly Lys Gly Glu 

15 10 15 

Ala Thr Gly Arg Gly Asp Pro Asp Leu Glu Gly Lys Asp He Gin Thr 

20 25 30 

Gly Phe TVla Gly Pro Ser Glu Ala 
35 40 



<210> 33 
<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic conpound 
<400> 33 

Asp Gly Gin Pro Phe Lys Asp He 

1 5 
Arg Gly Asp Pro Asp Leu Glu Gly 
20 



Pro Gly Lys Gly Glu Ala Thr Gly 

10 15 
Lys Asp He Gin Thr Gly Phe 
25 30 



<210> 34 
<211> 25 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic con?>ound 
<400> 34 

Pro Phe Lys Asp He Pro Gly Lys Gly Glu Ala Thr Gly Arg Gly Asp 

15 10 15 

Pro Asp Leu Glu Gly Lys Asp He Gin 
20 25 



<210> 35 
<211> 28 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> peptidic coii5>ound 
<400> 35 

Asp He Pro Gly Lys Gly Glu Ala Thr Gly JVrg Gly Asp Pro Asp Leu 

15 10 15 

Glu Gly Lys Asp He Gin Thr Gly Phe Ala Gly Pro 
20 25 



<210> 36 
<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 36 

TVsp Gly Gin Pro Phe Lys Asp He Pro Gly Lys Gly Glu Ala Thr Gly 

15 10 15 

Arg Gly Asp Pro Asp Leu Glu Gly Lys Asp He Gin Thr Gly Phe 
20 25 30 



<210> 37 
<211> 28 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 37 

Gly Lys Gly Glu Ala Thr Gly Arg Gly Asp Pro Asp Leu Glu Gly Lys 

15 10 15 

Asp He Gin Thr Gly Phe KLa Gly Pro Ser Glu Ala 
20 25 



<210> 38 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compoimd 
<400> 38 

Glu Ala Thr Gly Arg Gly Asp Pro Asp Leu Glu Gly Lys Asp He Gin 

15 10 15 

Thr Gly Phe 



<210> 39 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
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<400> 39 

Glu Ala Thr Gly Arg Gly Asp Pro Asp Leu Glu Gly Lys 
15 10 



<210> 40 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptidic compound 
<400> 40 

Glu Ala Thr Gly Arg Gly Asp Pro Asp Leu 
15 10 



<210> 41 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> glycosaminoglycan binding motif 

<400> 41 
Ser Gly Asp Gly 
1 



<210> 42 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> calcium binding motif 
<400> 42 

- Asp Asn Asp lie Ser Pro Phe Ser Gly Asp Gly Gin 
1 5 10 



<210> 43 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> calcium-binding motif 

<221> VARIANT 

<222> 2, A, 6, 8, 10, 11 

<223> Xaa = Any Amino Acid 

<4D0> 43 

Asp Xaa Asp Xaa Ser Xaa Phe Xaa Gly Xaa Xaa Gin 
15 10 



<210> 44 
<211> 15 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<223> D-OOOOl peptide 

<221> AMinATION 
<222> 15 

<400> 44 

lie Pro Ser Asp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu 
15 10 15 



<210> 45 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> D-00002 peptide 

<221> AMinAriON 
<222> 15 

<400> 45 

TVsp Phe Glu Gly Ser Gly Tyr Thr Asp Leu Gin Glu Arg Gly Asp 
15 10 15 



<210> 46 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> D-00003 peptide 

<221> AMIDATION 
<222> 15 

<400> 46 

Tyr Thr Asp Leu Gin Glu Arg Gly Asp Asn T^p lie Ser Pro Phe 
15 10 15 



<210> 47 
<211> 15 
<212> PRT 

<213> Artificial .Sequence 
<220> 

<223> D-00004 peptide 

<221> AMIDATION 
<222> 15 

<400> 47 

Glu Arg Gly Asp Asn Asp lie Ser Pro Phe Ser Gly Asp Gly Gin 
15 10 15 



<210> 48 
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<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> D-00005 peptide 

<221> AMIDAXION 
<222> 15 

<400> 48 

Asn Asp lie Ser Pro Phe Ser Gly Asp Gly Gin Pro Phe Lys Asp 
15 10 15 

<210> 49 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> D-00006 peptide 

<221> AMIDATION 
<222> 15 

<400> 49 

Thr Asp Leu Gin Glu Arg Gly Asp Asn Asp lie Ser Pro Phe Ser Gly 

15 10 15 

Asp Gly Gin Pro Phe Lys Asp 
20 



<210> 50 
<211> 4 
<212> PRT 
<213> peptide 

<220> 

<223> glycosaminoglycan binding motif 

<221> VARIANT 
<222> 3 

<223> Xaa = Any Amino Acid 

<400> 50 
Ser Gly Xaa Gly 
1 
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